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0 Concantratad itablllzad mlcrobubOI^«ypa uitraaonlc (making agant and mamod of production. 



0 A microbubbia-r/pa uitraaontc imaging agant is provided comprising a parenteraily-administerabia aouaoua 
medium containing a diaparsion of micrcspfteraa pradominantiy of diameters tesa tfian 10 microna. wherein the 
mtcroao^cKea eonaist of gaa microOubbtaa eneaeaulaiad with watof-insoiubiHaed btocompatibia material. The 
imagsng agant ia charactenaad by having a concentration of greater man 100 x 10* microspnerea par miuiliiar. 
and a staOtiity aucn that tnia eoncantration ia matntamad for ever 4 weeks at a tampara&ira of 20 to 25* C. A 
prefanao method of prodijcing ma imaging agant la also dtacloaad. 
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CONCSNTPATHD STA8IU2ED M1CB08U88LE-TYPE ULTRASONIC IMAGING AGENT ANO METHOD OF 

PROOUCnON 

This rnvontTon fe!ai»3 to uitrasonic imaging of th« human ^o&f tor diagnostic purposes; anc. mor« 

particuia/ly. to uitrasonic Imaging agenis and methods for production iMerect. 

It has been kno^n since 1968-70 that contrast •cho-carCiography can 0« used to delineate intracardiac 

structures, assets valvular competence, deinonstrate intracardiac shunts, and identify pencardiat effusion, 
t (Gramiak and Shah. 1968: and Feigeneaum. et aJ.. 19TQ.) Ultrasonic imaging of (he heart potentially h» 

important advantages of convenience, sa/ery. and redticed cost over present diagnoaiic procedures, such 

as angiography, which requires the use of radiopaque dyes for X-ray imaging, or tha use of radio-nuciide 

imaging agents for radio^maging. However, progress in pracficai appficatlcns of ultrasonic imaging has 

been delayed dy t^e !ack of effective cfirtirjnyusaple imaging agents. 
to Ultrasonic imaging utinzes an ultrascnic scanner to generate and receive sound «aves. The scanner is 

placed on a txady surface overlying the area to 5e imaged, and sound waves are directed toward that area. 

The scanner detects reflecred sound waves and translates that data into images. When gitrasonic energy is 

transmitted through a subsiance. tne acoustic prcpertes cf th« suOstance depend upon the velocity of the 

transmission and the density of the substance. Changes in the sutstance's accusnc properties (e.g., 
IS variations in acoustic imoedenca) are most prominent at the interfaces of different iutstances. Such as a 

•icuid-sotid or liquid-gas interface. Consequently, when ultrasonic energy is directed through mecia. 

changes in accustic properties wiH /esult in more intense sound reffecson signals for detecson by the 

ultrasonic scanner. 

UtL'asontc imaging agents can ccnsist of small scfid or gaseous particles wruci. *»hen injected in the 

20 crcuiatory system, provice improved scund reflecton and image charity. MicreOuObie-tvpe imaging agents 
consist of minute bubbles of a gas (usually air) which are dispersed in a earner liquid for pa/enteraJ 
•njecJion. The •microbuOOtes* are carried by the circulatory system to the organ being imaged. 

It hes be«n proposed to form a disoersion of air mtcrobubbies in a warm aqueous gelatin solution, 'and 
cooMng the solution to a solidificatfon temperature to trap the mrcrobubbtes. For a£mir^stration. ihe gelled 

39 dispersion is to be warmed until it liquines. and parenteraity administered witn the microbubbles dispersed 
in the licuified gelatin. (Tickner. et U.S. Patent 4.2T0.889: and Ttcicnef. et al.. National Technical 
Information Senrice Report Hfl-629lT-T*A, April. 1977). 

Qeiabn*trapped microbubbles en introd u cti o n into the Dleedstream have a short Ufe>time. They rapidly 
dissapaie. Another disadvantage is that the microbubbles are too large to pass through capillary beds, and 

30 are therefore not smtaeie for heart imaging by peripheral intravenous administration. 

The discovery by Or. Steven B. Feinstein of sonieation-produced microduteie imaging agents repre- 
sentee an important advance in this art. Usmg vtsceus aqueous solutions, such as 70% sorbitol or dextrose. 
Or. Fe<r?»in produced a dispersion of microbubbles by high energy sonicaeon of (he solutions. The 
resultng microbubbles had sites tess than lO microns, and were caoable of passing through capillary beds. 

3S The persisterKe of the microbubbles. although of tne order of a few minutes, permitted the imaging agent to 
be prepared and administered intravenously for heart imaging. (Feinstein. et al... I98a: and Feinstem U.S. 
Patent 4.S72.203.) " " 

Subsequenay. Dr. Feirtstein sought to improve the persistence of the mtcrobubbies. He found that by 
sonication of a hett*sensitive protein, such as albumin, microbubbles of tmproved stability wore obtained. 

« (See Fe«nstein. PCT Appficatfon WO 9^02638. corresponding to allowed U.S. application Senal No. 
80S.97S. filed December 9. 1985). Concermttens of microbubbles off 10 to M x microbubbles per 
milQUter were obtained with bubble sizes from 2 to 9 microns (KeQer. Feuistein. and Watson. 1987). The 
microbufiblas persisted for 24 to 48 hours. 

However, the sonscation-produced afbumin microOubC^e imaging agent of Femstem was not sufficiently 

js staple for commercial manufacture. Stabilities cf the order of weeks or months (rather than hours or days) 
are required to permit an imaging agent to be manufactured at a central location ar^ distributed to hospitals 
ir the United States and other countries. For commerciaUy feasible mextufacture. shipment arxS hospital 
storage prior to use. a staOiGty time of at least four weeks is needed and preferably at least eight weeks or 
longer. 

so Further, for the most effective imaging, it is desiraPle to have the highest obtainable concentration of 
microbuPbies in the imaging agent 8ut the poputaaon of mierobuboies of the desired small sises tends to 
decrease with holding of the sonicated albumin solutions. The smaH bubble slye attrttton can occur either by 
coitapse of tfte microbubbfes. or by coalesenee to oversize microbubbles. Consequently a further important 
Objective has been to find means tor increasing concantratlcns of mlcroeuPOies in tne imaging agerH. An 
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imaging agtnt cf vtry high m.croButbl« cartce/^traticn is inhsrantly Cener. and a safety factor is crovnSod 
Wtrt a concsntration of miaoOuflties hignar man ma mifUmufn raquirM fof sffectivo imaging, soma foss of 
t^• microftubWes of ma tfasiroc sirs can ba iccapttd. 

Tha msant invention provnsas an wltraoncsntratsd. rocm-temparatwro statute microbubbla-typa imag- 
s «ng agant This tmprovad imagmg agent compnjaa a stenia acuaous medium containing* a disoor^on of 
microsphares predominately of diameters ie» man lO microns, and is mereby suttabfa for parontarai 
intravenous admininraticn. The mic-csch#res consist of gas miCTObubblas ancaosuiatad in a wator- 
msoiub.nzad b»ocompat«bi« matanai, fuch as aJbumin. Raoresantjng a substantal advanca in the art. ih# 
in^aging agent of miS invention has a ncmogeneousty disoarsad concantratlon of graatar than 100 x 10« . 
ro (a.g.. m microspheres per milKliter. This high concantraton can Da maintained at ordinary room 
tamparaturas (20 to 25 Q for «x:ancad periods of tima (4 to 6 waaks or tongar). In optimtzad ambodi* 
menis. microsphere concantraticns of ma order of 300 to SCO k lO* mtcrosphofes par milfiltter are ach.avad. 
Surpnsmgly. mesa ultra-hign ccnctntrations csn ba maintained »of over eight weaks. The imaging agents of 
this invantien are tharafora adapted for manufacture and dis-jibuuon on a commercial basis. Following 
f 5 sfticmant. tne>L may be maimamed in inventory by hospttals fof many weeits. being avaiiabfe for diagnostic 
use as reouired. 

The imaging agents of this invanaon are preferably producsd from a heat-denaturafcfa biocompatible 
protein by a stepv^ise sonicaaon procedure. As wim the Femstein method, an aqueous sofuoon of protein is 
subjected td sonicaoon to (orm gas micrcbubblos wniie concun^ntty heating me so/ution to in$otubili«e 

90 small portions of me protein. However, me improved sonicauon procedure. wWcn resuits in ma increased 
ccncantraticn of highly stable microbubbies utilizes a novel seouentiai sonicaflon. in me imdai sonication 
Phase, me $on.cater horn « cirec-Jy contacted wim me solution (v.a. by immersion just betow the upoer 
Suface of me solution). This in.aal somcaticn is carried out without aopreoabie foaming of me solution. In 
the rte«t pnase of me sonication. foaming is promoted. T^e scnicator hern is wimcrawn to a position in the 

» ambient atmosphere above b-ji pfoximaie to me surface of me solution, intense foaming and aercsoiating 
occurs. The population of m»c-0Dubbies is mereby greatly increased and the m.crobubbfes are encai^. 
suiated w.in denatured proiem to obtain a cisoersion cf high*y stable microspheres. Moreover the stability 
of the microspheres permits mem to be concentrated an^'or frac^Jonated. By such manipulations, butcie 
concentration can be doubled or mpied and oversTze bubbles eliminated. 

JO For example, me concentration of the microspheres as initially produced can be from SO to ISO « 10* 
By a float separation concentration procedure, me mierosohere concentration can be increased 200 to 600 
X 10* m.crcspheres per miiWiter. Also, by anomer float-typa separation, most of me microbubbies of larger 
s,2e than tO m.crons can be removed, result .ng in an imaging agent composed predominately of 
microspheres of diameters substantiairy less man tO microns. For enampla. at least 80% of the micro- 
3S Spheres can nave diameters in me range from t to 9 microns. 

this i^Tvenft^^n <J«wings illustrate a ereferred method of praoanng the ultrasound imaging agent of 

RGS. tA CO :0 illustrate m.e .9tees in me secuantiai sonieation procedure. 

Fia 2 is a cross-sectional view taken on line Z-Z of RQ. ta. illustrating me relation of me somcatof 
^ horn 10 the mside of ma syringe whicn contains, me albumin soluuon oetng sonicated. 

RG. 3 iUustratas a separator vessel m whiih increments of the microsphere dispersions are pooled 
for float secaraoon concentration. p«o 

RGS. 4. 4A, and 48 illustrate a memod ol fractionation of mtcrosohere dispersions to remove 
oversiae microspheres. 

^ Ra S is a graoA of experimental dau showing me concentration of ma microspheres tn me imaaino 

agam as produced, and thair storage stability. ^ ^ 

The stMng matedai for practicing this invention is an aqueous solution of a suitable btocompatlbfe. 
material. The encapsuiaUng material should be heat-sensitive so mat it can be partiaiiy insoiubifi^ed by " 

«n<atton. More specifically, coincident with me sonication. a small portion of me dissolved 
b^onwtlble matenal .s heated or omerwisa. treated so that its solubility is reduced. This results in a smaO 
vofume Of solid phase material, wmch forms me encapsulating tayers around me microspheres. Preferably a 
heat-senatfve protein >s selected such as albumin, hemoglobin, collagen, etc. For administration to hgmans. 
human p/otetn js preferred. Human seru.T> albumin (HSA) is espeoaily smtaCHa. HSA is avaHabIa cemmar. 
» oaiiy as a sienie 5% agueous solution, which can be used directly as me starting material for prepanng me 
mn:roscheres. However, omer concentrations of aibwmrn or omer hear-denaturaeie proteins can be used 
H5A concentration can be varied, for example, within me range from I to 25% by weight. 

Commennaiiyavailabia sontcator eouipment may ba used in practicing this inverrtion. Theoretically 



3 



6P 0 W« S30 A1 



$orticator vibration fr9Qu©ncf«s can va/v ov«r - r^.;^^...., 

5 « "ai 00. high gain »«.-cator horn. Th, DotJ^1^2f « ,tl .!l*^!l 

product cavitation in u,, Kcuid b.ing «ni^ "^uency and mo powa, aopSod mutt 6. » 
Th» solution 10 bo jonieatad can bs ttmama ■ 
'a solution can b« Individuafly wmca.w. iJJ^^^ti^^"'^!^^- ^ » ™- of m. 

■n eoniaci »itn tn« jciwiicn. Dr«f«raa.y immt^^ Z^J^ ?* ""^ sonieator horn 

in Ofoar to carry owt tr.« in.fai «snic,5on w^t ao^*^^?"^ """^'»<o" «sirab(, 

rmmedtateiy following in« imn cftasa of m« «JLk«» 1! 

ca«b«r,t«.y carried out in such mann* « 

cenvontona/ sonicationa. -here it is desirabie lo tl^^T^ *^ """"^ » 

" ---™er^^^^^^^^ ."«.a«d in „e „c-..-.d «a,.. .or 

>en,c3t.on can ce carr,ed out ,n m TnLT.^ " * "'^ of 

»on,cat.on for both the fi,« and second phas. a can 6^0, "'^ 
second sonn;aaon can be uaed for each pna^ V^, ,TL " « 25 to 35 

« son,cat.on i, .r,mediatrty d.t«saci. oy the ^oJ!' tco^J^'"^ Z"'^'^ 

ey means of tne ,«,uonbaf sonicaiio* c^^f^lTll !l* '"l"*"'-''- P'cdueod. 
m. concantrafon of m. encapsuia, J "^c/cbu^^ Te^^^^hTein' « ' ' 
"^c-eaaed. Coneantrationa .o excess of 25 , "^ZJ^ll^T^ " ""'""BherW. can 6« greatly 

'ron, » ,0 .50 , ,0. concentraoon,." o,Jter 7e "S^^^^ » 
d.an-.*»„ less Uun 1 0 microns. For ..amp^^: ' . "^*"'«'»'«« «>• pr^Somirantly of 
r«^^rom . .0 9 miccns .,th a mean ^ewfof 4 ..Tm',^? m-c^osohon- can havo diam.,,,, ,„ .^, 

^.vo .r':;:rr2;^rbii;,:;ro i;:::rc:r:e^L-zr.*r - 

CSufd be earned cut under other gas .tmos^," -^^nrrLtr^**"''***'- " ""'cation 
^otiow^ng production. 'mo m.,^ sSSpS^-^J^-^ 

concentration anaor to r.move ov.r«« microspherers^ ^^J^ P«c»ssed to .ncrease the 
nse to the surtace of the d.sper,.on. By hoidng m. <Sp.riS^ Hl^^T^". ""'^ » 

for 4 ,0 ,2 hour,), most of the m.c/ospher., J rVs. » * """"^ 

the clar./ied sofufon. 8y thi^ -ncat-separ7.io„- Tlh^'^'i^^^^L*^ 
ciar-fieo ,o,u,ion can be remove, from W^tf,, m^Jow^fr^.r T 

«nrr«,™-- - — « - rmTrnVr^Tr^^^eir.^ 

great., buoyancy. They w.u Cftwofer, .0 '•'««~«*y 

'«'«ng tun., such a, 1^ ,8 ft, JZn^^ l^^tlTZ *" «W*ng , 

small URW layor «oot« * disS-^S !^ rtJ -ll^! '««'»»«^«'« «« seiectfyeiy e«Mi.c„« , 
si«. ey r««ov,«9 ^ «nto«S^ a^Sn «wb.,a«6aiiy afl of th, microsph«, of smaH 

fr3cdo««>on may b. -ehfove^^ch J^„7,„^-"^^^^ over*** mferospher.,. a 

fracsonaacn is earned out. ""crospnores ».ii remain in the ««ssoi m 



so 



which the 



99 



l^^:^^^^::.''^^ — t^on and th. ,.o«...par.don 
300 to 900 . ,0. o » 9 . ^0'7miS^f7l^m^ZT".Z '0*. such as from 

periods of holding at ambient room temoJ^Tt^r^ «"centr«iion» can be maintafn«i fdr long 

300 . .0. microaphere. pe, r^^B^u^^.'^J^^ ^Oc^ aoovS 

or longer. -^amtamed lor penoos of at least four and usually o^ht. weeks 

ai.cJLg?.:j: s.r,;'ri^r: s ra^mrt;? r..^fr r • « 

re me B mi ie««i 5^ solution. The sen.eator 
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horn is insartod in m« syringe to 7 ml lav«4. indicated as Tie T* posi:ion in FIG. 18. In t^is pdSiben. me 
sonicatcf horn is immersed in tne upper soiton of t^• soiuticn. t^e solution level ^ng as indicated in FIG. 
iB. intdai sonicatton is carried out essentially without foaming of the solution. 

immedatefy following initial sonicatton and «Htnout turning off the sonicator. the hern :$ withdrawn to tne 

f 10 ml fevel, indicated as tne Tt position in f\Q. iC. The power input to me sonicator hem can aJto oo 
increased as it is withdrawn to tne Tt position, immediately following the withdrawal, foaming of the aifcumin 
. solution commences and the solution becomes miiky in appearance. The solution will foam upwardry 
around (he sonicator horn during the second phase. The ap.'^earancs of the foamed solution is iitusirated in 
FiG. 1 0. the microtdubbtes being indicated in graaay enlarged OLameter over their actual micron range sizes. 

re T>.» solution being sonicated contains both dissolved and entrained air. The solution is in contact with 
the amoient atmostph«fe around the sonicator horn. (The clearance Detween the hom and the tnstde of the 
syringe can be seen in the cros3-sec:ianal view cf FiO. 2.) The air contact faciiitares the foaming and 
aerosoiating of sciuttcn in me second stage of me sonicason. 

The diipersions from a piuraiity of sonicatitui batches can be pooled for concantraiion. For examole. a 

rs pfuraiity cf me dispersion increments can. be introduced into a separator vessel, which may be a large 
syringe Or separator tunnel equipped at its bottom wim an outlet controlled by a ^r^t^i^n vsive. Sucn a 
separate vessel in th« form cf a large syringe is shown in PIG. 3. 8y holding the pooled dispersions for 
several hours without agitation, sue*) as ovemignt holding, me microspheres wtii nse to me top of me 
solution and form a layer cf Hoat-separated microspheres. Seneam me collected layer, me clarified albumin 

30 solution wit) oe suostantiaiiy free of microsoheres. it is merefore possible to drain off a major portion of me 
solution through the bottom outlet. For example. one*najf to mree-fourths of me solution can be removed. 
However, it is desirable to Retain a sufficient seiution volume to permit fun rediscersion of me csncentrated 
microspheres. 

In FtG. 4 illustrates me microsphere concentrate wim the microspheres redispersed. The mtcrcspneres 
29 are sufficientty stable mat mey do not adhere permanently to ea&i other in a concentrated layer, remaining 
as separate intact microspheres. They can readily be redispersed by mild agitation. 

Aher redtsp^rsion to an essentially homogeneous coneition. fraetionatien may be carried out to remove 
overstae mtcrospneree. 9y holding the redisoersion for a snort time, such as around 30 minutes, the largest 
ciameter mtcrosphttrea will preferentialty rise 10 me too and eelteet in a layer, as indicated in FIG. 4A. When 
so mat has occurred, mo mtcrospnero dispersion beneath mo oversiao microspheres can be removed through 
me drainage vaivo. When me collected eversue mieresphoros approach me valve, me vatve is ciosed so 
mat me oversiae layer remains in the seoarator vessel, as indicated in FtG. 46. The product obtained is a 
cc-xentrated fractionated albumin microsphere product in which at toast 80% of me microsoheres nave 
diameters in me rango from 1 to 9 microns. Tho preferred product has at least 90% of me microspheres 
3S wtm diameters Of from 2 to 8 microns. 

Farmer directiar^ details of me presently preferred procedures are sat out betow under me aporoprlate 
readings. 



jO Sonicstion : 

F^u a to ml syringe Of oval cross-section fitted at its lower outlet eno wim a stopcocx x the 3 rr:t mcric 
with sterile 5% human serum aitMmtn. Position a sonicator orcbe of smaller cress-sect>on in me syringe so 
that tne b o t t o m of the probe is at the 7 ml mark. Sonicate at energy setting $ for 30 seconds men (w«m me 
4S sonicator Still on> movo the probe tip to me 10 ml mark, white moving me energy setting to 8. Sor!cate for 
an addibenai 28 seconds. Turn off sonicator. remove proee and dram contenu of me synngo intp a 60 ml 
syringe Of separasory ftinnel with a stopcock eontroited bonom outiet From S to 6 syringe volumes are 
pooled. 

so 

Concentraconr 

Allow the pooled increments to stand overnight (8-i2 hours) without agitation in me seoarator vessefi 
When substantially an me microspheres have formed a -ayer on me top. dram iwo-ihirds Of tne volume from 
ftS me bottom. 



Fractionaiicn: 



S 
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Rcsuspend tfit microsoh#fw ard fill a 60 ml syringe wim lh«m. Lat jit 30 mtnuio*. ai«n crain «U but 
about tfte i« 3-i ml into a collection vessel. The oversiae microsehffis ve laft. Ccunt « sameie and 
caicuiate tne concentraiion. mean diameter, and percentage less tnan 10 u. if less than 99-5% are less tnan 
1014. ro*fractidnate. if recvaVed for redispersion. eoncentration may t9 adjusted witn s% MS A. 



Concentration measurements are sat out below in Table A for throe repreaentattve runs using me 
procedures described above. Th# inttial concentration of the disperiona afttr sonication was of me order of 
130 to 1 40 X 10* ml. This was increased by the float- seoaration concentration w 340 to 4S0 x 10* ml. 

For product control, me microspherea may be counted by a Coulter Counter, obtainable from Couiier 
Electronics, inc.. Hrghfeah. Florida i^ia. CcuRer Counter Model TAil). MicrospAere counts set out above 
were CO termined in mis way. 

The stability of a representative product was examined in a study tasting for 20 weeits. The initial 
concentration was approximately 4.3T x 10" (431 x to*) microspheres per milliliter. Concentration measur»> 
ments were made at about woeWy intervals. The results are summarized in Table 8. The measurements, 
which were made by means of a Coulter Coumer. are presented graphically in FTQ. S. The samples were 
fteld at ambient room temperature (20-25 'O. The concentration of about 400 xtO* microspheres per 
miifiiiter was mmfixmt^0d tar 20 weoks. This evidences a high degree of room [omperature staOtCty. 

The stabtlity of me microspheres can t>« affecM by unusually hot or cold temperatures. However, even 
at temperatures as jc* as 4* C or as high as 37 *C. microsphere concentrations m excess of 200 x lO* ml 
can be maimsined ter periods of eight weeks or longer. Nevertheless. lor commercal distnbutjcn or long- 
term holding very high or low temperatures should be avoided. Room temperature holding is preferred. 
Temperature protection cf me microscneres dunng shipment can be used. 

TA8LE A 



Concentration Measurements 


^uns 


MlCrospheresmt 


Microspheresml 




After Sofrtcatlon 


Aft*r Concentration 


A 


135 X 10* 


366 X 10* 


a 


141 X 10* 


483x 10* 


C 


133 X 10* 


440 X 10* 
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TABLE 8 



s 



10 



fS 



2i 





MtcrospMft 




Conc»ntr2tso«i < 




10« 


0 


4.31 


\ 


4.49 


2 


4.20 




3.91 




3.88 




4 24 




4.08 


- 


4.12 


a 


3.92 


9 


3^4 


10 


3.97 


It 


3.48 


12 


3.48 


13 


4.09 


14 


3.70 


15* 


4.92 


17 


4.15 


18 


3.99 


19 


4.14 
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Claima 

^ 1. A concentrated roonvtemperanire staoie uRrasonic imaging agent eomphsing a parenteraily ad« 
minieteraoie aoueoue medium containing a dsper^ion of microapheree predominandy of diameters teas 
man 10 microns. wMcn mfcrospheree consist ct gaa microDufi»es encapsulated wit^ water<inao(uOii)aed 
biocompatlt»ie material, said Imaging agent neving a homogeneou^ dispersed concentratien of greater 
than 100 s 10* microspheres per miRifitef and whicti maintalne tucft concentration ^ over 4 weeks at a 
^ temperature of 3) 2S* C. 

2. The imaging agent oi claim l in which at least 80% of said microspheres have diameters in the 
range firom 1 to 9 mio'one. 

X The tmeging agent of daim 1 or claim 2 which has a homogeneously dispersed concentration of said 
microspheres greater men 200 x 10* microsphefes per miuib'ter and wMcR maintaina auch concentration lor 
" ever 4 weeics at a temperature of 20 to 2S* C. 

4. The imaging agent of claim i or daim' a in which said mtcrobuPPiea are encapsulated with human 
serum alhumtn* 



7 



EP 0 324 938 A1 



5. A concentraiod room, torn par atur# siafile ultraionic imagrng a^ert cemDrismg a parenteraily admin- 
isvatoie aqwecuf soiurtcn of a h«at<enaiura6to Diccomoatibl* protern containing a disparsicn of mic/o- 
»Cfta/ea at least 80% of. -mtcrt. have oiam^tors in tne rangt el 1 lo 9 niicrons. said microspfiares conststme 
of an air micrctutoie oneapsuiatffd in a Ttoat-insolu5ifiaed'ray4r of said-protein, said Imaging agent having a 

fl homogeneousty^dispersad concantraorcn greater than 200 x tO^ microspheres per milliliter and WhicJi 
maintains sucn concenwation-for over 4 weeMs at a temperature of 20" 1^^ 

6. The imaging agent of claim S which has a" homogeneously dispersed concentration of frcm 300 to 
600 « 10* microspherea per milliliter: and v^hicn maintains such concentration for at least 8 weeks at a 
temperature of 20 to 25* C. • « • 

fo 7. T>e imaging agent of claim S or claim 6 in whicn said protein 13 human serum albumin. 

a The imaging agent of claim S or claim 6 in «hicn 90% or more of said microspheres ftave diameters 
in tne ''ange from 2 to 3 mioons. 

9. A ccncentrated room-temperature statjfe ultrasonic imaging agem for intravenous acminisiration. 
comprising a sterile aoueous solution of human serum aiDumm containing a dispersion cf microspheres at 

«s least 80% cf wnich have diameters in tf^ range of 1 to 9 microns, said microsphere consisting of a budOle 
of air encapsulated in a water-insoiubiKzed layer oi said aidumm, said imaging agent having a 
homogeneeusiy^isoersed concentration of from 300 to 600 * !©• microspheres per miiCUter and wWcft 
maintains such concentration lor at least 8 ww^ks at a temperature of 20 to 2S* C. 

10. The imaging agant of claim 9 in which at least 90% of said mterospneres have diameters in the 
to range from 2 to 3 microns. 

n. The metnod of produang a dispersion of microsoheres for use as an ultrasonic imaging agent in 
which an aqueous sduticn of a heat-denaturable biocompatifcle prctein .s suoieet to sonicaScn to form gas 
micfcouboies while heating said solution to insoludiliae a portion of the protein, wherem me imorovemant 
cempnses: dunng an imtiai sonicatlon phase directly contacting the tip of the sonkutor horn with said 
39 solution and carrying out the sonicaSon and heating of said solution wiinout apprecjsore toammg tren 
withdrawing the sonicator horn to a position in the amoient atmosphere proximate 10 me surface of said 
solution and fcammg the solution to increase the peculation of micnDbubO<es. and enc;iosuiating tne 
micrcbubbies with denatured protein 10 obtain a dispersion of staoiiiaec microspheres of .ncreasad 
concentration. 

» 12. The method of claim 1 1 in wwch said protein is human serum albumin. 

t3. The method of produdng a concentrated dispersion of microspheres lor use as an gli/asonic 
imaging agent in wiitcf) a sofuDon of human senjm ajoumin is subjected to sonicatlon in contact mth the 
amoiant atmosphere to form air microbubotee while heating said solution to insolubillze a portion of the 
albumin, and encaosulating the microbubbies witn denatured albumin to obtain a dispersion of stabiDaed 

S microspheres cf increased concentration, mh^rwy me improvement compnsea hofding a body of the ihua- 
obtained microsphere dispersion without agitation for sufflaent time to permit tne microspheres to rise 
tnerein and concentrate in an upper layer above the clanfied albumin solution, and separaong a portion of 
tne ctanfied albumin solution from the concentrated layer to obtain a disoersion of greater microsphere 
concentration. 

10 t4. The method of claim t3 in which the said dispersion of greater eeneantration is fractionated by 
witndrawmg a dispersion containing most of tne microspheres while leaving befttnd a microsphere fraction 
containing me ra/gest size microspneres which had cofiecM near upper surface of the diseersion 

13. The method of claim 13 m wnich said microspheres are predominately of diameters less than lO 
microns Out .ncnjde microsoheres of larger diameters, which metnod includes the further steps of rtotding a 

e bcdy of tne microsphere dispersions without agitation for suffidem time to permit at least the microsoheres 
o^ larger than iO micron diameter to nse therein and eoneomrato in an upper rayer. and wimcrawing a 
woersm l^om beneath said upper layer containing most of tho micnaspheres of less than \Q microns 
diameter while leaving behind a microsphere fraction containing most of tne microspheres of larger than tO 
microh diameter. 
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FIG. 5 

MICROSPHERE STABILITY AT ROOM TEMP. (20 25»C) 
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